1. Freshwater fish and crayfish communities were surveyed along elevational gradients in streams radiating from Mount Taranaki, New Zealand. Six of the 38 streams surveyed had dams or weirs and 32 of the 85 sites were above these barriers. 2. Of the 15 fish and one crayfish species captured, 14 were native. The number of species declined with increasing elevation and distance from the sea. Species richness was also lower above dams even when effects of elevation and distance from the sea were accounted for. 3. Linear regression models using sites without dams were constructed to predict the effect of elevation on fish and crayfish community structure and to allow the effect of dams to be evaluated. The number of species predicted by these models was consistently higher than the number of species found at the above-dam sites. 4. Four fish community groups were classified using two-way indicator species analysis (TWINSPAN). One high elevation group of sites consisted of short steep streams on the west side of the mountain and a second contained longer, lower gradient streams on the east side. The other two groups (3 and 4) consisted of mid-elevation sites and low-elevation sites, respectively. 5. Discriminant analysis was used to predict biotic group membership using the environmental data. Overall, 80% of sites were classified correctly. Correlation of environmental variables with axis scores in the canonical variate analysis revealed that distance from the sea, site elevation and presence of dams were most strongly associated with fish distribution patterns.
Introduction
A number of factors are implicated in controlling the distribution of stream fish species and the regulation of fish community structure worldwide. Biotic interactions have been proposed by some (e.g. Werner & Gilliam, 1984; Ross, 1986; Gilliam, Fraser & AlkinsKoo, 1993 ) to be major influences on fish community organization, while others (e.g. Gorman & Karr, 1978; Angermeier & Schlosser, 1989; Rahel & Hubert, 1991) have highlighted abiotic factors. Biotic and abiotic factors have also been combined along upstreamdownstream gradients within the river continuum concept (RCC) (Cummins, 1979; Vannote et al., 1980; Cushing et al., 1983; Minshall et al., 1985; Schlosser, 1990 ) and in integrated synthetic models (Zalewsky & Nayman, 1985; Schlosser, 1987; Zalewsky et al., 1990) . In contrast to deterministic views of community organization, stochastic events principally related to flow variability may also influence fish communities (Moyle & Li, 1979; Grossman, Moyle & Whitaker, 1982; Grossman et al., 1985; Grossman, Dowd & Crawford, 1990; Ross, Mathews & Echelle, 1985) , although assemblages may be stable even under extreme flow variation (Matthews, 1986; Meffe & Berra, 1988; Meador & Matthews, 1992) .
Regardless of the processes that influence stream fish communities, an increase in diversity is almost universally found when moving in a downstream direction from the headwaters. In North America and Europe, this pattern has generally been attributed to increased habitat diversity, habitat volume and more stable conditions in the lower reaches of a waterway (Sheldon, 1968; Lotrich, 1973; Rahel & Hubert, 1991) . In New Zealand, however, a downstream increase in species richness has been attributed to the fact that the fauna is dominated by diadromous species (Hayes, Leathwick & Hatchet, 1989; McDowall, 1993 McDowall, , 1996 McDowall, , 1998 . No other fish fauna with the same or higher number of species has such a high proportion of diadromous species (McDowall, 1988 (McDowall, , 1995 (McDowall, , 1997 . Consequently, establishing links between species diversity and such factors as land use, habitat and/or biotic relationships in New Zealand may be frustrated by the overwhelming and variable influence of diadromy (Hayes et al., 1989; Hanchett, 1990; Jowett, Richardson & McDowall, 1996; .
Diadromous fish have distributions that reflect diffusion from a source (the ocean) to the limit of their upstream penetration, governed by the interaction of variables such as swimming ability, barrier effects, distance upstream and instinctive migratory drive (Smogor, Angermeier & Gaylord, 1995) . Caution is required when associating habitat characteristics with fish distribution in New Zealand, because the observed distribution may not be the result of the proximal habitat but rather of access to that habitat. A fauna with such a high proportion of diadromous species has an enormous potential to be affected by barriers to migration. Dams, regardless of their purpose, are likely to impact on fish habitat in a number of ways (Sale, 1985; Bain, Finn & Booke, 1988; Kanehl, Lyons & Nelson, 1997) . However, the most obvious negative effect is likely to be impediment to migration (Davis & Teirney, 1987; Jowett, 1987; Lusk, 1995; Reyes-Gavilan et al., 1996) .
Our initial objective in this study was to characterize fish and crayfish community structure over elevational gradients in Taranaki Ring Plain streams. To accomplish this, the sites were organized into groups based on their faunal composition and then the habitat features associated with these groupings were investigated. While many studies have illustrated the importance of distance/elevation in controlling New Zealand fish distribution, the important effects of barriers have generally been neglected. Our second objective was, therefore, to evaluate the influence of migratory barriers on fish and crayfish distribution. To accomplish this, we modelled the influence of elevation/distance on the communities using streams that had free access and then used this model to evaluate the impact of dams with and without fish passes using data from sites above those barriers.
Methods

Study area and sampling methods
Mount Taranaki is an andesitic volcano (2158 m above sea level (a.s.l.)), which is symmetrical in shape with intact native forest down to an altitude of about 400 m a.s.l. These factors result in streams having similar gradients and all emerge at similar altitudes from native forest into intensively farmed land where the predominant land use is dairy farming. There are only two non-migratory species found on the mountain Ring Plain, possibly because of its relatively recent volcanic origin. Fish and crayfish were collected from 85 sites on 38 streams draining Mount Taranaki from December 1997 to March 1998. Thirtytwo sites are above man-made barriers, nine of which are above dams with fish passes, although not all passes are equally effective (Joy & Death, 2000) .
Fish sampling
Two sampling methods, electrofishing (44 sites) and night spotlighting (41 sites), were used. Spotlighting was used in streams over a range of altitudes (mean 283 m a.s.l., standard error (SE) 20 m a.s.l.) where water clarity enabled fish to be seen in all habitats. The majority of New Zealand freshwater fish are nocturnal and benthic; thus, spotlighting is very effective where water clarity enables all habitats to be observed. Spotlighting is more efficient than electrofishing in upper elevation streams where large substrate provides daytime refuge in gaps between boulders in which fish can escape electrofishing. Electrofishing was used at sites over a similar range of elevations (mean 269 m a.s.l., SE 25 m a.s.l.), where the size, depth or lack of water clarity restricted the use of spotlighting. Fish were stunned using a battery-powered pulsed-DC backpack electrofisher (EFM300; NIWA Instrument Systems, Christchurch, New Zealand), and collected in handheld stop or dip nets. All habitats (i.e. pool, run and riffle) were sampled at each site. Fish stunned by the electrofisher and those caught in nets during spotlighting were identified to species, counted and returned to the water. The average reach area surveyed (width × length) was 175 m 2 (SE 7.34 m 2 ), with a minimum of 50 m 2 (four sites) and a maximum of 400 m 2 (one site). Fish densities at each site were calculated by dividing the number of fish by the area fished and standardized to the number of fish 100 m − 2 . Three measures of fish diversity were calculated for each site. They were:
1. Species richness (S); 2. H' = − pilnpiShannon-Weaver index (H%):
where p i is the proportion of individuals in the ith species (Shannon & Weaver, 1949) ; and 3. evenness (E): H%/ln S (Pielou, 1969) .
Environmental measures
At each site, the percentage of riparian vegetation (native forest, exotic forest, grass/tussock and scrub) was visually assessed. The percentage of catchment land use (Native forest, exotic forest, farming and scrub), altitude and distance from the sea were estimated from NZMS 1:50000 topographic maps. Over the length of stream fished, the mean and maximum water depth, mean width, percentage overhead shade, substrate composition and fish cover were subjectively assessed. Fish cover was assessed as the percentage of undercut banks, weed, bank vegetation and instream debris. Substrate composition was visually assessed as the percentage of the substrate composed of mud ( B 1 mm), sand (1-2 mm) fine gravel (2-20 mm), coarse gravel (20-60 mm), cobble (60-260 mm), boulder ( \ 260 mm) or bedrock. The percentage of backwater, pool, run, riffle or rapid was estimated at each reach surveyed. Riffles were areas of fast, shallow water with a broken surface appearance; pools were areas of slow, deep water with a smooth surface appearance, whereas runs were intermediate in character. Rapids were areas of fast cascading deep water.
Data analysis
Data were analysed using the regression and Spearman's rank correlation procedures of SAS (1996). Spearman's rank correlation was used to identify relationships between fish density or diversity and environmental measures. To explore differences in species richness at sites above and below dams (with and without fish passes), analysis of covariance (AN-COVA) was employed using elevation as a covariate (GLM procedure of SAS, 1996) . Habitat data from sites without migratory barriers were included in a linear regression analysis to yield a predictive equation for species richness. Using this equation, species richness was predicted for sites above barriers. The residuals from the regression analysis were compared for sites with and without barriers using analysis of variance (ANOVA), with the null hypothesis of barriers having no effect on species richness. Comparisons of mean density and diversity measures for sites above and below dams were made with the nonparametric Kruskal-Wallis test (NPAR1WAY procedure of SAS, 1996) .
The relationships between fish communities and the environmental characteristics found at sites were examined by identifying groups of sites that contained similar fish assemblages using TWINSPAN (PC-ORD; McCune & Mefford, 1997) . The TWINSPAN analysis (to two levels) was achieved using five pseudospecies cut levels: 0, 2, 5, 10 and 20 fish 100 m − 2
. Relationships between environmental measures and groups classified by TWINSPAN were examined using linear discriminant analysis. The models were then used to test the performance of the environmental variables by separating sites into their respective TWINSPAN groups (classification success) and by considering the posterior probability error rate estimates of the classification results (DISCRIM CROSSVALIDATE procedure of SAS, 1996) .
To visualize and evaluate the importance of each of the environmental variables in discriminating between the TWINSPAN groups, canonical discriminant analysis was then performed (CANDISC procedure of SAS, 1996) . The coefficients of canonical variables can be biased by correlated variables (Williams, 1983) . To mitigate this effect, the canonical variables were also interpreted by examining their correlation with each of the environmental variables (CORR procedure of SAS, 1996) . Differences between mean diversity and environmental measures between TWINSPAN groups were examined with the Kruskal-Wallis test (NPAR1WAY procedure of SAS, 1996) and medians were compared using Tukey's multiple range tests, with the significance level set at 5%.
To test for differences between fish communities with and without migratory barriers and between TWINSPAN groups, the multiresponse permutation procedure (MRPP) was employed (PC-ORD; McCune & Mefford, 1997) using Euclidean distance measures.
MRPP is a non-parametric procedure for testing the hypothesis of no differences between two or more groups and has the advantage over ANOVA that it is not reliant on multivariate normality and/or homogeneity of variances (Berry, Kvamme & Mielke, 1983) .
Results
Species composition
Fifteen fish and one crustacean species were captured from 85 sites around Mount Taranaki; 13 of the fish species were native (common names are used throughout; for scientific names and familial associations, see Table 1 ). The native crustacean was the large decapod Paranephrops planifrons (koura). The density of fish captured ranged between 1 and 85 fish 100 m − 2 , with a mean of 24 fish 100 m − 2
. The longfin eel and redfin bully were the most widely distributed, occurring at 93 and 40% of the sites, respectively (Table 1 ). The longfin eel made up 32% of the total catch, followed by the redfin bully (19.8%). The next most widespread and abundant species were brown trout, koaro and shortfin eel . The remaining ten species-shortjaw kokopu, Crans bully, inanga, banded kokopu, common bully, torrentfish, yellow eyed mullet, common smelt, perch and lampreywere uncommon and made up B 14% of the total catch (Table 1) .
Species richness was inversely related to reach elevation (r s = −0.33, P = 0.002) and distance from the sea (r s = −0.29, P = 0.007). Fish density showed a similar pattern (elevation: r s = −0.42, P B 0.001; distance from the sea: r s = −0.29, P = 0.006). There was a reduction in Shannon diversity with reach elevation (r s =−0.24, P=0.03), but not with distance from the sea (r s =−0.14, P=0.21). Species evenness showed no relationship with elevation or distance inland (r s = −0.09, P=0.39; r s =−0.06, P=0.58, respectively).
Migratory barriers
Thirty-two sites had potential migratory barriers (dams) and 53 sites had free access (no natural barriers are known). There were differences in the fish assemblages of the two groups (Table 2) ; inanga, yellow eyed mullet, banded kokopu, common bully, lamprey, common smelt and perch were all absent from the sites above barriers. Of the 32 sites above dams, nine were potentially accessible by fish passes. Species richness was lower at sites above barriers. both when elevation was employed as a covariate (F 3, 81 = 3.70, P= 0.03) and when distance from the sea was a covariate (F 3, 81 = 3.44, P = 0.03). However, the sites above dams with fish passes were not significantly different from either sites with free access or those without fish passes (Tukey's test). The mean number of species at sites with free access was 3.7 (n= 52); for sites above dams with fish passes, the mean was 3.2 (n= 9); and for the sites above dams without fish passes, the mean was 2.6 (n= 24). The effect of barriers (with or without fish passes) on diversity was not significant when elevation or distance from the sea was employed as a covariate (F 3, 83 = 2.84, P=0.06; and F 3, 83 = 2.62, P = 0.08, respectively). MRPPs showed a significant difference in fish community composition at sites with and without migratory barriers (T = −7.43, P B 0.001).
Elevation and distance from the sea were used to construct linear regression models for species richness using the 53 sites without migratory barriers. The model for inland distance (F 1, 50 = 9.63, P B 0.003) yielded the following equation: species richness = 5.11− 1.11 (log distance inland). The model for altitude (which is highly correlated with distance inland) (F 2, 50 = 10.77, P B 0.002) yielded the equation: species richness = 5.73 − 0.93 (log altitude). The 32 sites with barriers were examined with the predictive equations and the residuals were compared with those from sites having no barriers. The majority of sites with barriers had fewer species than predicted from the above equations (distance inland F 2, 82 = 4.06, P= 0.02; altitude F 2, 82 = 4.56, P = 0.01; Figs 1a and b), indicating that species richness was reduced by the dams. There was no significant difference between the residuals for sites above dams with or without a fish pass.
TWINSPAN classification and fish assemblages
Four fish assemblages were identified from the TWINSPAN analysis at level two. The 18 sites in group 1 were dominated by shortjaw kokopu, koaro, koura, redfin bully, banded kokopu and longfin eel; trout were present but rare (Table 3 ). The 50 sites making up group 2 were dominated by longfin eels, koura, and Crans and redfin bullies. Group 3 contained 12 sites and had a simple fish assemblage dominated by redfin bullies, longfin eels and, to a lesser extent, inanga and trout. Banded kokopu and inanga were more common in this group than any other. The most abundant taxa at the five sites in group 4 were the redfin bully followed by short and longfin eels, and then yellow eyed mullet. The classification of the sites from the species associations revealed that mean elevation declined from group 1 to 4 (Table 4 ). In parallel with this pattern, the percentage of native riparian vegetation declined, and stream size and percentage of grass riparian vegetation increased. MRPPs revealed a difference between fish communities in the TWINSPAN groups (T= − 12.38, PB 0.001); using all possible pairwise and three-group combinations, all were different (PB 0.0001) except groups 3 and 4 (T = −1.39, P= 0.093). The environmental variables associated with the four groups were also significantly different (T = −12.50, P B 0.001). Group 1 sites were at the highest altitude, and had the most native riparian vegetation and overhead cover. Group 2 sites occurred at lower elevations but mean distance from the sea was greater, the sites were on average wider and deeper, and had a higher percentage of grass riparian vegetation (Table 4) . Group 3 sites were on average deeper, wider and had finer substrates, and had less native but more grass riparian vegetation, and less overhead Fig. 1 Box plots of species richness residuals (observed species richness minus predicted for elevation) for sites with free access, and those above dams with and without fish passes. (b) Box plots of species richness residuals (observed species richness minus that predicted for distance from the sea) for sites with free access, and those above dams with and without fish passes. Box contains interquartile range; circles denote 5th and 95th percentiles; centreline denotes median; and whiskers extend to 1.5 × interquartile range). cover than groups 1 and 2. Group 4 sites were all B 6-m a.s.l. with no overhead cover and a high percentage of grass riparian vegetation. Diversity and density of fish also varied between the TWINSPAN groups. Groups 1 and 2 were similar and only group 4 had significantly higher density and diversity than the other three (Table 4) .
Discriminant analysis
Site elevation was the most important environmental factor discriminating between TWINSPAN groups (Table 5 ). A discriminant model with this factor alone correctly predicted group membership of 66% of the sites. Adding distance inland increased the rate of correct predictions to 73%. Including all 11 variables from the likelihood ratio criterion analysis (P B0.05) increased the predictive ability of the model to 80% (Table 6 ). Correlations between the discriminant factors and the environmental variables revealed that the first canonical variate, accounting for 85% of the separation between the groups, was positively correlated with altitude, distance inland, native riparian vegetation and overhead cover (Table 7) . Canonical variate 1 (Can 1) was negatively correlated with width, depth and grass riparian vegetation. The second canonical variate (Can 2), accounting for 11% of the separation between the groups, was positively correlated with distance inland, percentage pool, percentage sand-fine gravel substrate and percentage grass riparian vegetation, and was negatively correlated with percentage of rapid.
To illustrate the separation of the groups by the discriminant analysis, the sites are shown in discriminant space (Fig. 2) . Can 1 shows the separation of groups 1, 3 and 4. Can 2 separates groups 1 and 2. The group 4 sites, which are negative on Can 1, are low elevation, wide, deep sites with a high proportion of grass riparian vegetation. At the opposite end of Can 1 are the group 1 sites which are the high elevation, shallow, narrow stream sites with a high proportion of native riparian cover and overhead shade. Thus, the influences of the environmental variables on Can 1 moving from negative to positive are increasing elevation, distance from the sea, native riparian vegetation and overhead shade. Moving in a positive direction along Can 2, elevation and percentage rapid are decreasing, and distance inland, percentage pool and percentage grass vegetation are increasing.
Discussion
As with many other New Zealand West Coast waterways, the Taranaki Ring Plain fish fauna was dominated by the longfin eel and redfin bully (Main, Nicholl & Eldon, 1985; Taylor & Main, 1987; Hayes et al., 1989; Hanchett, 1990) . The 13 native fish species found in this survey exceeded that found in similar surveys of North Island waterways, which ranged between eight and 11 (Rowe, 1981; Hicks & Watson, 1983; Strickland, 1985; Cudby & Strickland, 1986; Hayes et al., 1989; Hanchett, 1990) . Species richness and diversity increased along downstream gradients of depth, width, decreasing native vegetation, increasing farmland, and decreasing distance from the sea and elevation. Site elevation, distance from the sea and the presence of a migratory barrier were the variables most highly correlated with species richness and diversity and, although they are intercorrelated, their association with fish communities was at least partially independent. This was illustrated by the different communities found at similar altitudes in the short run streams on the western side of the mountain compared with the longer eastern waterways. Similar conclusions to these have been reached in a number of other studies and diadromy has been proposed by Hanchett (1990) and McDowall (1990 McDowall ( , 1993 as the most important factor influencing New Zealand freshwater communities. Zealand freshwater fish by allowing passage to areas with suitable proximal habitat characteristics. The downstream increase in species richness has in North American and European studies been attributed to increased habitat diversity, volume and more stable conditions (Gorman & Karr, 1978; Schlosser, 1982; Rahel & Hubert, 1991) . The RCC (Cummins, 1979; Vannote et al., 1980; Cushing et al., 1983; Minshall et al., 1985; Schlosser, 1990 ) also predicts increasing species richness in an upstreamdownstream gradient, driven by changes in resource availability and habitat characteristics. The patterns observed in this study could reflect those predictions. However, they may equally reflect the variability in penetrative ability of the predominantly diadromous species. If the latter is the case, the relationship between fish community structure and habitat characteristics is confounded because of the open nature of these communities. McDowall (1995) pointed out that open fish communities (i.e. communities dominated by diadromous species) are structured by the influx of species from outside the community (from the sea). In contrast, closed communities are structured by proximate biotic and abiotic influences. Thus, when considering habitat quality for New Zealand freshwater fish, migratory access must be considered above all other factors.
Migratory barriers
Given the importance of upstream access for the New Zealand fish fauna, dams are one of the most prominent devices that act as potential barriers to upstream and downstream passage. Species richness and diversity were lower at sites above dams and the difference remained significant even when the effect of elevation was removed. However, because the communities are dominated by diadromy, the relative impact of a given dam on the fish fauna will depend on the altitude and distance from the sea of the dam. The native fish species of New Zealand vary widely in their migratory abilities, migratory drive and ability to negotiate barriers (McDowall, 1990 (McDowall, , 1993 Joy & Death, 2000) and, consequently, the dams vary in their barrier function. Many species are limited to low elevations; for example, torrentfish, yellow eyed mullet, common smelt, common bully and lamprey did not occur above 100 m elevation in this study. As most of the dams are above this elevation, their effect on these species would be minimal. However, dams at low elevation or on low gradient waterways have the potential to have impacts that are more serious on fish communities than if they were at higher altitudes. Dams act to not only truncate distribution but also to reduce the density of species that are able to negotiate passage.
Biotic interactions are also considered important in structuring fish communities (Werner & Gilliam, 1984; Ross, 1986; Gilliam et al., 1993) . In New Zealand, predation has been recorded by eels on banded kokopu (Mitchell & Penlington, 1982) , bullies, smelt and small trout (McDowall, 1990) . Large eels were found at most sites in this study, and at upland sites, where large galaxiids were found, juvenile galaxiids were rare or absent. Predation may, therefore, be affecting species distributions. Trout were similarly absent from many upland sites where koaro, shortjaw and banded kokopu were found at high densities. Limitation of native fish abundance by predation from trout (Townsend & Crowl, 1991) or through competition for food (Cadwallader, 1975; Sagar & Eldon, 1983) may be having an effect in Taranaki.
In conclusion, while freshwater fish species richness on the Taranaki Ring Plain is higher than that found in other North Island rivers, much of the fauna has a relatively restricted distribution. The region has a large number of dams and they have a negative effect on fish passage. Elevation, distance from the sea and whether or not the site is above a dam were the variables that had the biggest impact on fish community organization. The overriding influence on the distribution of fish was, however, the prevalence Table 5. of diadromy, with species varying in their ability to penetrate inland both naturally and because of the impediments to migration. As a number of variables covary with elevation and distance from the sea, it is difficult to isolate influential environmental effects on community structure over and above the effect of diadromy. The prevalence of diadromy, however, means that where dams are present, they become the most important influence on community structure.
